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ALS1RACi.

until a Knowledge-based systel is able to learn by itse1C, it must
acquire new knowleage and new heuristics from human experts. This is
traditionally done with tne aid of a computer programmer acting as
intermediary. The dire_t transfer of knowledge from an expert to the
system requires a natural-language processor capable of handling a
substantial subset of English. The development of such a
natural-language processor is a long-term goal of automating knowledge
acquisition; faciliting the interface between the expert and the system
is a first step toward this goal.

This paper describes BAUBAb, a program designed and implemented for
hYCIN (Shortliffe 1974), a medical consultation system for infectious
disease diagnosis and therapy selection. EAUdAb is concerned with the
problem of parsing - recognizing natural language sentences aad encoding
tnem into MICIN's internal representation. For this purpose, it uses a
semantic grammar in whicft tne non-terminal symools denote semantic
categories (e.g., infections and symptoms), or conceptual categories
wnicn are common tools of knowledge representation in artificial
intelligence (e.g. attributes, oojects, values and predicate
functions). This differs from a syntactic grammar in which non-terminal
symaols are syntactic elements such as nouns or verbs.
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1. 0■PLAVIE6.

1.1. Introduction.

.__Lever formalism is used for parsing: context-free grammar,
context-sensitive Lxammar, or augmented transition networks, most
syntax-based parsers focus mainly on criteria of acceptability on
syntactic grounds of the input strings. Although this undoubtedly is of
linguistic interest, a different approach has been used in the work
presented nere. The reasons for this are several.

For convenient and philosophical reasons, we do not object to
accepting ungrammatical inputs. In addition to this, syntax-based
parsers usually accumulate much information which is useless for our
purpose. For example, "The patient has a fever" and "The patient is
febrile" lead to the same internal representation despite the fact that
"fever" is a noun and "febrile" an adjective. Syntactic analysis is
also time consuming and does not avoid semantic checks before building a
repre . sntetion of the input string. Therefore, if it is possible to
determine the meaning of a statement witnout using syntactic analysis,
we prefer to do so.

A two-part grammar has been designed, choosing efficiency in the
inevitable uniformity/efficiency tradeoff. If certain key-words have
peen encountered during toe preprocessing phase, the specific rules
associated are tried, otnerwise the general grammar alone is applied.

me general grammar is, to a certain extent only, domain
indepenuent. Its rules recognize the format of a legal statement
witi.Jut concern for the meanim: of toe individual elements. For
example, one legal format is "tne <attribute> of the <object> <predicate
function> <value>". This same rule can apply to "The morphology of the
organisn is coccus" in the domain of infectious diseases, as well as to
"The landscape of the country is mountainous" in the domain of physical
geo7raphy. The requirement for toe general grammar to be applicable is
that the systems for the two different domains must be organized in
similar fashion. One system must have "coccus" as a value of
"morphology", an attrioute of the object "organism; the other must have
"mountainous" as a value of 'landscape", an attribute of the object
"country'..

As it is difficult to recognize any input by as general structures
as those dealing with attributes, objects and values, more specific
rules have been incorporated, allowing the presence of specialized terms
sucn as symptoms, infections, wnich are typically of no use in another
domain. This part of the complete 7•ammar will te referred to as the
specific grammar.
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1.2. cnvironment.

l..hen one speaks of understanding by a program, one usually defines a
test that must be passed in order to claim that the program has
understood. me aim of this pror;ram is to transform a piece of medical
knowledge expressed as a rule (set or prenisesiset of actions), or as
text, into an internal format. When the program achieves this goal (the
jude is the expert who must agree with the proposed interpretation), we
will say that it has understood or properly interpreted the rule or the
submitted piece of text.

EACEAH therefore will deal with natural language in a specific
domain. We expect the interlocutor to be an expert in the medical field.
This means that his expressions are "naturally fairly precise", i.e., he
should not have to amandon a usual way of speaking to fit a special
jargon to whicn he would not be accustomed. Let us here point out the
difference between such a program and programs primarily conc.,:rned with
carrying on a dialogue with casual users. For example, Rendezvous (Codd
1974, Coad et al 1976) focussed on clarification dialog strs.tegies
systematically used to make sure that the system correctly understood
tne user's request, providing him with facilities to Preak down his or
her request into several steps if necessary.

A first demand of toe expert sitting at a terminal is to :met fast
answers from the system. We must also take into consideration the
situation in which a new rule will be entered. Most of the time, this
will occur when an expert detects a missin or erroneous rule while
running toe consultation (Davis 1976). Accordingly, after adding a rule,
the expert will want to test its expected effect as soon as possible. A
conventional natural-language processor includes a syntactic treatment
followed py a semantics component converting the linguistic structure
irto an internal representation. here, some .of the grammar rules
explicitly contain semantic information and thus do not require any
other semantic processing. On the other hand, general rules do need a
semantic treatment, for example in order to determine whether an
object-attribute couple makes sense. However, non terminal categories
being more restrictive than nouns or verbs, the amount of work necessary
to check their mutual coherence is lessened.

Another legitimate demand of the expert, closely linked to the
necessity for speed, that he be allowed to express statements in a terse
form, such as using mathematical symbols when that seems to be a
convenient snort-cut. For example, "WbC < 80 " is as acceptable as a
the white blood count is less than 60".

Tne expert must approve tne system's interpretatior ,f rule in
order to avoid adding incorrect rules. i.or this purpose, H4CFAI- uses a
generator called PitoSE to translate the internal format back into
stylized natural language. Inc expert is then asked if the
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interpretation was correct. If the parser has failed to find a correct
interpretation, it must guide the user toward the reason for failure.
For instance, oy displaying words that were not recognized, and by
telling wnat expectations were not fulfilled (grammar rules which were
only partially successful), the system can help the expert to rephrase
the statement , or it can indicate that new objects or attributes have
to be taught before proceeding with incorporating new rules.

1.3 MYCIN background.

MYCIN's judgmental knowledge consists of a eet of rules. A rule is
internally represented by a CONDITION part and an ACTION part. Each of
these is a set of clauses linked by the logical operator AND. For
example:

($AWD (SAME CNTXT COMPROMISED)
(GhtATERP* (VALI CNTXT PROTEIN) LIO))

is the internal representation of:
The patient is a compromised host, and

the CSi protein is more than 40.

An internal clause can roughly be viewed as a quadruple:
<predicate function> <object> <attribute> <value>.

'me last tnree elements constitute the usual triple which is a basic
representation formalism within the Al community, <attribute> usually
denoting a property of <object> and having <value> as a possible value.
From now on, <object> mignt as well be referred to by <context> which is
tne MYCIN version actually used. Similarly, <attribute> is often named
<clinical parameter> or simply <parameter>. In reality, there are
several variants of this generic form (e.g., <value) could be missing,
or replaced by a list of values, etc.); but at this point, this
simplification allows easier comprehension.

a) The predicate functions are usually indicated by verbs (e.g.,
"is", "known"). The verbs also may be accompanied by appropriate
modifiers, such as negations or, more generally, adverbs which add
information about the certainty factors associated with the current
information (e.g., definitely). Example: KNOWN is the predicate
function associated with the following statements: * The morphology of
the organism has been determined. 0 We know tne genus of the organism.
* The duration of the neurologic signs is known.

b) Tnere are 5 objects considered here, organized into a context
tree: PATIENT, 10FECTION, CULTuRE, ORGANISM, THERAPY. The PATIENT
presents a possible INFECTION for which a CULTURE is obtained.
ORGAbISils are likely to be isolated from this culture and a THERAPY
will ue recommanaed to fight the organisms.



c) A clinical parameter is a characteristic of one of the contexts

of tne context tree.

Example: The SITE or a culture.
fne NAME of tne therapy.

The GENUS of an organism.

The AGE of a patient.

d) A value is one of the possible values of a clinical parameter:

YES or NO for binary parameters often termed yes/no parameters,

otherwise a member of the list of possible values. Eor example:

PTCONTRA is a parameter indicating whether "there is contraindication of

the current therapy for the patient" its value is simply TRUE or FALSE.

On the other hand, SITE is a multiple-valued parameter and has a lar7e

list of possible values: bLOOD, NOSE, URINE, THROAT, ... Although I

use tne term MULTIPLE PARAMETER for any non-yes/no parameter, this last

catez,ory is further divided into SINGLE-VALUED PARAMETERS like SITE,

which can have a single correct value (excluding all others), and

MuLTI-VALUED PARAMETERS like SYMPTOMOF and ALLERGY which can have

several values at a time. (Each culture was taken from a single site,

however, the patient might simultaneously have symptoms of pyuria and

frequency, or be allergic to several drugs.)

e) In action clauses, the predicate functions which are dealt with

are CoNCLUDE and CONCLUDER (a variant of CONCLUDE with more than 1 value

specified). A positive statement is indicated by a positive certainty

factor, the negation by a negative one.

1.4 Sample of a rule acquisition.

In the example that follows, PAGEAb's questions and statements

appear in lower case letters, anJ it displays the internal format of

its interpretation in upper case letters. The user enters the rules in

upper case letters after the double star. A "carriage-return" is typed

to indicate tnat there are no more clauses in the current part of the

rule. A trace of successful grammar rules is shown so that the reader

can look ahead at the grammar described in 111.4.3.

Would you like to enter a rule?

" YES

If: 1 - THE ORGANISM IS ROD FACUL

and 2 - IT IS GRAMNEG

ana 3 - IT DID NOT ACCUIRE THE INFECTION IN THE HOSPITAL
and 4 - THE INfECTION REQUIRI: THERAPY IS MOT MENINGITIS

and 5 -
Then: 1 - iGh SURE 1.0 TnE ORGANISM IS A PSEUDOMOAS-AERUGINOSA

and 2 -



7

Gram.nar rule 025 was successful (not to be confused with MYCIN rules).
Grammar rule h005 was successful
Gramclar rule H031 was successful

ion' t. understand IT DID NOT A.UIHE ThE INFECTION IN THE HOSPITAL even
thougn all tne words were recognized.
Do you want to rephrase it?

THE PATIENT DID NOT GET THE INFECTION IN THE HOSPITAL

Grammar rule H126 was successful
Grammar rule H020 was successful
=PSEUDOMONAS-AEHUGINOSA
Grammar rule h031 was successful
the internal format of the rule is:

irsim*mabtain

PHEJISE: ($AND (SAME CNTXT AIR FACUL)
(SANE CNTXT MORPH ROD)
(SAME CNTXT GRA.1 GRAMNEG)
(NOTSANE CNTXT NOSOCOMIAL)
(NJTSAME CNTXT litEATINF t,ENINGITIS))

ACTIO: (CONCLUDE CNTXT IDENT PSEUDONOAS-AERUSINOSA TALLY 1000)

This is my unaerstanding of your rule:

If: 1) Tne aerooicity of tne orzanism is facul, and
2) The morpnology of the organism is rod, and
3) The stain of the organism is gramneg, and
4) The infection was not acquired while the patient was

nospitalized, and
5) Tne infection which requires therapy is not meningitis

men: It is definite (1.0) tnat the identity of the organism is
pseudomonas-aeruginosa

do you agree with my interpretation?
nu YES
good.

COmMENTS.

1) The parser could figure out that the first premise actually
contained 2 properties (aerobicity ana morphology). Consequently, it
split this premise into 2 clauses, which explains the shift in the
nu:Lbers of premises. Also, tnese barlmeters were not mentioned
explicitly, but were deduced fro n tneir respective values.
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2) In premise 2 (which became clause 3), the analyzer resolved the
pronoun reference by organism (from the previous premise) and thus
actually analyzed THE ORGANISM IS GRANNEG.

3) In premise 3 (which became clause 4), the pronoun reference
resolution lea to parse: ThE ORGANISM DID NOT ACQUIRE THE INFECTION IN
hOSPT.TAL and thus failed. The rephrasing was unambiguous and was
successful. The system always indicates which words, if any, were
vnrecognized in order to guide the user in rephrasing the statement.

4) The objects ORGANISM, PATIENT, ikFECTION are always represented
by the standard word "cntxt" in clauses but were very important during
tne analysis process. A check for consistency between the object and
the parameter is always performed before generating any clause.

5) SAME, NCTSAME, CONCLUDE are predicate functions.

6) In premise 4 (which became clause 5), TREATINF is a clinical
parameter (attribute) and MENINGITIS is one of its legal values.
Likewise, 1DENT is a clinical parameter and PSEUDO'IONAS-AERUGINCSA is
one of its possible values. Notice that it was respelled using the
INTEALISP spelling corrector (Teitelman 1975).

1.5. Scope of the language accepted.

Interpreting English sentences consists of finding one or several
consistent function-object-attribute-value quadruples. There are
various ways to express any natural lanFuage statement (surface level)
with only one internal representation (deeper level). If we do not want
to frustrate the user by the casual computer response: "I do not
understand, please rephrase your statement", the program must achieve
this several-to-one correspondence.

Tne expert is not given any constraints concerning his phrasing of
sentences. He is simply advised to express himself in the most precise
way he can (avoiding poetics), and use appropriate medical words as
often as possible. This should not be a severe constraint since it is
supposed to be his natural way of expression in his professional life.
For instance, "The site of the culture is nose" will be preferable to:
"a culture was taken from the nose" and obviously to: "A nasal specimen
was optained and sent to the lab". The second statement is still
explicit enough, unlike the last one. The program would need strong
general Knowledge outside the medical field to understand the last
statement. This has not been the concern of 2A0FA13 or MYCIN thus far.
The program has nct yet been tested with respect to the "habitability
feature" (iatt 1968), that is to say the ease with which the user can
learn tne conventions of the language accepted in order to avoid going
too often 'oeyond the possibilities.
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Another characteristic of MYCIN is to deal with non-precise
statements or with incomplete information. Consequently, the predicate
functions associated with a medical fact are not merely TRUE or FALSE
out jn1 or tJ:\HJW:., etc. The current proqxam can handle 16 different
predicate functions which are briefly descrioed in 111.3.

Objects and values are rarely ambiguous. The main difficulty is to
find tne relevant clinical parameter, which plays the dominant role in
tne sentence. Some parameters are described with one or two words, like
MOnPhOLCOY, FELHILE, GROWTh CONFORMATION, and their recognition is
fairly straightforward. On the other hand, some are commonly described
by means of a complex sentence, like NOSOCOMIAL indicating whether "The
patient acquired the infection while in the hospital" or SPECSTAIN
indicating whether "organisms were found on the stain of the culture".

II. RELATION TO OTHER WORKS.

I want to distinguish here between works oriented toward "general
natural language understanding" and those oriented toward specific
applications, usually concerned with building interfaces between a user
and a program which is an expert in a domain. A major distinction
between them is that the first category usually handles a more limited
vocabulary than the second, but attempts to analyze inputs more
completely, drawing non- trivial inferences based on psychological
models or behavior. They usually have ambitious goals, such as building
a theory of language understanding (Schank 1973)(Wilks 1973).
Interesting surveys of these works can be found in (Wilks 1974) and
(Winograd 1974). Fundamental works also include the development of
various tools sucn as efficient algorithms to parse sentences (ATN of
Wooas 1970) (Earley 1970), or how to embed semantics during the analysis
process (Procedural semantics, ;,inograd 1972). Such devices are now
used to a large extent oy task-oriented systems which thus are an
essential contrioution which can be used to verify the generality and
power of the theoretical tools mentioned above. Question-answering or
querying systems and computer-aided instructional systems are
functionally similar in the sense that they use roughly similar
tecnniques. The difference lies in the fact that more emphasis is
placed on retrieving the relevant information in one, and on carrying on
a dialogue in the other. The following is a orief description of some
recent systems with which the present work shares some basic features.

In Sophie (Erown 1975), a student is presented with a problem of
trouoleshooting an !lectical circuit. A semantic grammar (Frown 1976)
Is used to analyze the English sentences that the student uses to
communicate with the system about the problem. An interesting
comparison between a Lisp version (semantic grammar encoded as Interlisp



10

procedures) and an ATN compiled version is drawn, showing that the
Lisp version is about twice as fast. On the other hand, three
advantages of the ATN formalism are pointed out: (a) conciseness, i.€-!
tacility to write, change and communicate the grammar, (b) conceptual
effectiveness, which is mainly the coherence between the rule
representation (NF, for instance) and its actual implementation, (c)
flexibility for postponing decisions aboet a path to take during the
analysis process.

However, the perspicuity of context-free grammars representation i.e
the possibility of telling whether a construction is permitted just by
looking at a rule is not maintained in the ATN formalism if it is not
implemented on a computer providing graphics facility for displaying the
network. The ATN compiled version, with a compiler similar to Kaplan's
GPS (Kaplan 1973) is described in detail in (Eurton and Woods 1976) and
shown to be about 10 times faster than the interpreted version used in
LUNAti (Woods et a1,1972).

PLANES (Waltz 1975, Waltz & Goodman 1977) is a system currently
developed for answering user's requests from a large data base dealing
with aircraft maintenance and flight information. The parser ih based
on the notion of semantic grammar ,in which the concepts to recognize
are, for example, "plane type" or "aircraft component". An example of a
request handled by the system is: "Please tell me if Phantom A5544 had
any engine maintenance during April 1974." The program matches the
request against pre-stored schemas and, if successful, displays its
understanding and asks whether the user agrees. If so, the program
retrieves an answer by filling the slots of the relevant answer
template.

G. Hendrix developed a numper of convenient devices for rapidly
creating natural-language interfaces between systems and users (Hendrix
1977). This comprises facilities for dealing with incomplete inputs
(ellipsis), and for allowing users to extend the language accepted by
the system through paraphrasing fr.cilities. A spelling corrector as well
as a grammar editor make the system more habitable. A first system
called INLAND (informal natural language access to navy data) has been
built, using these techniques, described in (Sacerdoti 1977). Examples
of sentences handled by the current system are: "What is the speed of
the Kennedy?" then "Its length?", tne ellipsis routine leading it to
actually parse: "Wnat is the length of the Kennedy?".

Tne primary purpose of MYCIN is the Consultation system. This
program does not contain any natural-language capabilities, since the
questions are asked by the system. Consequently, little emphasis has
been put on tne "lan;uage-understanding" aspect. However, the necessity
to make the system credible to pnysicians led to design an explanation
system (Scott 1977) and thus to the development of a program capable of
answering a limitea set of questions that physicians might ask
concerning,:
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(a) The status of current knowledge about the patient,
(o) now the system reached its conclusions,
(c) Ueneral knowledge contained in Mycin's judgmental rules.

This pro7,.ram uses a key-word approach combined with pattern-matching
methods similar to (Colby 1974) and a "scoring technique" to determine
which kind of question is asked or which parameter is relevant to the
question. Examples of questions handled by the program are:

Is blood a sterile site?
how do you treat meningococcal bacteremia ?
Is oganism-1 a streptococcus?

we have not done so, it should be possible to write a similar
semantic grammar for the explanation system. Its adaptation would
include new concepts like <type-of question> (how, why, what...) and
<predicate function> woula be replaced by <topic-of-question> such as
"concluae", "treat", or "rule out". For example: "Why did you
concluae...?", "How did you treat the infection?", "Why did you rule out
the possibility...?".

All these systems were designed for operating on specific domains.
As a consequence, they do not need to dig out subtleties which would not
Pe taken into consideration by tne knowledge base, nor they have to
perform sucn delicate tasks as disambiguating between multiple-meanings
woras, since, most of the time, the meaning relevant to the domain is
the only one considered in the dictionary. The first point can be
illustrated by the following example. Suppose there is no distinction
made between "the patient has a fever" and "the patient has a bad
fever", a single parameter PEERILE existing, it is then clear that "bad"
can just be ignored without affecting the resulting representation of
the input string. This introduction of "fuzziness" is indeed a
characterization of a "shallower level of understanding", which is
sufficient for such systems, compared to the general understanders
outlined at the beginning of this section.

The second point can be illustrated by tne following example. In a
general "idealistic" understander, a word like "patient" might be
considered as an adjective (showing patience) as well as " a person
unaer meaical treatment" which is the only sense considered here. Let
us note that tne same problem was actually encountered by Winograd in
Snrclu (Winograd 1972), where other possible meanings of "block"
-psycnological inhibition for example- were not taken into
consiceration.

common feature of the systems which have oeen described is that
tney co not use an explicit syntactic analyzer. Note however that some
general understanders do not have eitner (Charniak 1972, Wilks 1973).
Instead, the parsing is acnieved on semantic basis. The key-word
approacn is an extreme position whien nas the advantage to be
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unsensitive to the transformational narapnrasings of a same statement.

in active and passive mode, the same words need to be recognized,

regardless of tneir order in tne string. Consequently, it allows a

iarner treedo il the way or expre3sin4 oneselV. On the other hlnd,

incapacity of capturing any structure of sentences causes tnat

meanirrless statements are easily accepted - the febrile is patient° -.

Furtner, when a conflict appears between two candidates competin7 for

tne most ligely interpretation, it is difficult to decide whether the

conflict must be resolved (choice to make), or whether the two

candidates must be kept uecause several ideas were expressed in the

sentence.

in fact, analyzers based on a semantic grammar have adopted an

intermediate position (netween syntactic and key-word based parsers)

with respect to the two points previously mentioned. The semantic

gramar rules carry an implicit structure of inout strings althouth

there is no explicit check on grammatical agreement.

me main difference between i,A0EAi: and the other three seems to lie,

on one hand, in the cnoice of a context-free grammar versus an P1i4

formalism, and on the otner nand, in the fact that UPOPAF's Feneral

grammar is only constituted of conceptual entities (no surface words),

but this distinction presumably depends on the amount of bottom-up

preprocessing acnievea before actually using the Frammar, tnus replacin7

groups of words by their underlying concept. This Part of the grammar is

transportable to other domains that also use general catelorics such as

objects, attributes and values.

A significant difference between PLAUES and the others is that

PLAS makes little use of the constructions of sentences -order of

words are only taken into consideration in special cases -. Rather,

"concept case frames are utilized to assign a meaning to the input

strins by looking at the registers that have been set during the

analysis.

ANALYUR.

'Anis cnapter descriues tne analyzer. ie first describe how the

dictionary is organized and now the preprocessing phase is achieved.

Then, the subgrammar for predicate functions, used in a bottom-up

manner, is shown. iinally, the main ;;rammar used (top-down) to parse the

input strings is described in detail.
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111.1 Tne cictionary.

In crier to avoii repeating information common to neveral words
wnich are close in ::leanin:, it is convenient that '.ie of then oe
considered as a terminal word. It will then be the only one of the
group to be inteFrated into the semantic network describing the
relaticnsnips existing between tne different concepts which are dealt
with. me notion of closeness of neaning is partly explained by the
1XTS1i. pointer and completed in tne description of the preprocessing
pnase. me pointers described here are only tne ones used by the parser.

111.1.1 IXT6rw.

iie pointer from a word to its terminal form is called TXTSYN (a
terminal word points to itself). The words related by a txtsyn pointer
way de synonyms in the usual sense, but also abbreviations, root words
or infinitive forms tnat cannot be founc by 6inograd's root extraction
aliz,oritnm as outlined in 111.2.

sxample: TXTSYN(eschericnea-coli) = e.coli
TATSYL(e-coli) = e.coli

wnicn means that e.coli has been arbitrarily chosen as tne terminal
word.

txample: TATSB(benlan) = be,in (infinitive is terminal)

,nen a word suggests the oresence of one or several clinical
parameters, it 4)ints to i. (them) by The INCOOCEPT pointer.

Example: ILCONCEPT(orphology) = (.iorph)
1%CONCEPT(nregnant) = ('lotherhood)
INCCr!CEPT(abnormal) = (Abnormal Cxrab Lensign)

ine word AlOORAL might sugc".est the 3 parameters AbNORMAL (an
organism is not normally found at a certain site), CXRAE (The patient's
x-ray is abnormal), LENSIGN (The patient had recent abnormal neurologic
si7ns).

111.1.3 VALu6SYC.

Inis gives the value (in the sense of value of a parameter) that the
word e.ti4nt imply in certain contxts.

sxample: VALUESP(nesative) = gramneg (in context of stain)
VPLUESYN(wnite) = caucasian (in context of race)

sxamining tne context allows the system to decide whether such a value
is correct. For instance, in "white olood count", "Caucasian" will be
discarded as a ;.leaning for .'wnite".
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111.1.4 EXPECT/EXPECTED.

These are the pointers between barometers ani their possible values,
EXPECT cefining the valid set of values for a parameter (NIL for a
yes/no parameter), EXPECTED givinr• the possible parameters implied by
tHe value.

Examble: EXPECT(Morph) = (Nod Coccus ...)
EXPECTED(Hoa) = EXPECTED(Coccus) = (Morph)
EXPECT(Site) = (Elood Nose Throat Urine ...)
EXPECTED(Hlood) = EXPECTED(Urine) = (Site Portal

Infsite)
(urine might be the site of a culture, of an infection or the

portal of entry)
EXPECT(Whensym) = date
EXPECT(Contaminant) =
EXPECTME) = Number

111.1.5 CONeOuriD ana hYPAM.

Inese pointers enable the recognition of :groups or words as a whole,
for example "streptococcus group a" which will oe replaced by
"streptococcus-group-a".

III.1.b NOC(ihTENT.

This inaicates that a word has no medical meaning. However, the word
might be important to f“-ure out the structure of the sentence. In this
category, "or", "of", "and", etc.

111.1.7 Tz61'LATe..

'inis gives the template of the internal clause according to the
predicate function.

Example: TEM?LATE(<known>) = (cntxt perm)
TEMPLATE(<same>) = (cntxt parm valu)
TENPLATE(<greaterpa>) = ((val1 entxt par) num)

III.1.3 PICKGROUP.

it cives tne object of a parameter and is used in the procedures

which check for semantic coaerence inside the rules.

111.2 ercprocessins.

The preprocessing paase is very similar (from paragraph a to f) to
the one used by the explanation system from where it was extracted
(Scott 1977).
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ine followin4 neuristics are used to accomplish this task.

a) Standard reduction to a canonical form: An imolementation of
root extraction aL.orit::m (.oino7rad 1Y72) replaces the plural

form of a noun by its sin,nalar ana replaces a conjugated form of a verb
Dy its infinitive. For instance "acquires" and "acquired" are both
replaced by "acquire". Also, it can extract the root of certain
substantives ("combination" giving "combine").

o) nesolution of certain irregular forms which cannot be found by a
general method is tnen given by the TXTSYN pointer, for instance "began"
is replaced by "begin".

c) Groups of hords wnich nave special meaning. wnen they appear
togetner are taken into account by creating a sin4e hyphenated word,
like "streptococcus-group-a". In this particular case, "a" might
otherwise be consicered as an article which would lead to a
misinterpretation.

d) Gonventional words have been cnosen to represent several words
which mignt be synonyms in context (therapy, treatment) or abbreviations
(echerichea-coli, e-coli).

e) lf a word nas not been found in the Uictionary are, an attemnt is
made to respel it using the Didr Interlisp routine (or7anisn -->
organism). (Teitelman 1975).

f) Punctuation is currently ignored. Tnis also includes detachina
punctuation marks from the end of words, since it is most common not to
type a s2ace between the end of a word and the following punctuation.

g) Some no-content words are ignored (the, a, this, that, an,...)
because nuances between articles (e.g., definite versus indefinite) are
not handled by the system. On the other hand, words like "of" or "from"
are useu to recognize certain structures of sentences. kords that are
still unknown after using the spelling corrector are also kept to let
tne user snow where a failure occured during the analysis.

h) Some yes/no parameters can only be described by using a complex
piece or sentence. In order to facilitate the grammar's task, bottom-up
recoznition of some of these parameters is carriea out before invoking
general rules. tor example, <angrow> and <airgrow> might be recognized
alter the success of some of the following patterns:

<aerobically> --> in aerobic plate
<aerobically> --> in aerooic bottle
<anaerobically> --> witnout oxygen
<aiNrow> --> grow <aerobically>
<angrow> --> grow <anaerooically>
<airgrow> --> able to <airgrow>
<am:row> --> able to <angrow>
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'these patterns permit tne recognition of the following 6 sentences
defining the parameter <aira.row>:

1. (The organism) was able to crow aerobically.
2. (fe or.7anism) ws aD1.2 tD c.rDw ir roiic
3. (Tne organism) was able to grow in the aerobic bottle.
4. (Tne organism) could grow aerobically.
5. (Tne organism) could crow in the aerobic Dlate.
6. (Tne or7anism) could crow in the aerobic bottle.

as well as 4 similar sentences for <angrow>.

111.3 SuOgrammar for predicate functions.

Tne preaicate function of any clause is indicated by verbs (mainly
auxiliaries), negations and some appropriate modifiers. Their
recognition is accomplished independently of the general grammar for the
following reasons:

a) Auxiliary verbs (is, has, etc.) are used by tne c-A program (part
of tne explanation system) in a manner incompatible with the analyzer
described here. A convenient way to circumvent this problem without
modifying the dictionary was to combine verbs before invoking the
previously described procedure for producing a canonical form of the
stateent.

D) It seems to be worthvnile in the tradeoff between bottom-up and
top-cown process; for instance (see the grammar rules described in
111.4), <faculfun> appears in nany rules and it seems to be efficient to
reco:7nize it once and for all before usin the general grammar.

c) Predicate functions lay be modified by operators, as described in
111.3.2, wnich appear in non-adjacent part of the sentence. This
phenomenon is difficult to handle with 7eneral grammar rules.

Tne suba.rammar.

The grammar is descrioed in a EMF-like context-free formalism,
square brackets [ j enclosing optional elements, a slasn / separating
alternatives of the expansions of the rules, and angle brackets < >
enclosing non terminal elements. Tne top-level rule is: <Pred-function>
:= <lovalfun>/ <Faculfun> / <Lum1fun> / <Num2fun>.

inese 4 types of predicate functions are now going to be explained
in terms of values expected. Another classification in terms of
certainty factors can De found in (3nortliffe 1976, pp 102 to 105).
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111.3.1.1 <t'aculfun> functions.

craculfun> stands for flcultative values functions, vnich means that
tr.d i.xsecteo by t;ne tuncti,Jr1 may contain values out this is not
compulsory. Tne two functions of this cate?ory are <same> and <notsame>.

Local ple: (t.:ASV:6 CtijXl r61-RILE) renresents "me patient is not

(SAt: CAT SITE ;;OSE) represents The site of the
culture is nose".

<taculfun> := <Same> / Clotsame>
<Same> := <Same> <Same>
<Uotsa:ae> := <Same><I.otsame> / <Same><otsame><ame>
<Sar.:e> := is / nas / was / had / been ...
<Uotsame> := not / never / no ...

<same> <otsame>

<swle> <same>

has

<same> <notsame>

been has <notiame> <same>

not been

t17aire 1. Fi.:70.Jre 2.

111.3.1.2 <!!ovalfun> functions.

Csovalfun> stands for no-value functions, which means that the
template expecteu by the function must not contain values.

Example: (KtiOliN CiAYI oofie0 --> "The morpholocw of the
patient is known."

<ovalfun> :=<pronoun> <novalfun>
<novalfun> := <known> / <notknown> / <definite> / <notdefinite>
<known> := <same> <known>
<known> := know / known/ knew/ determined
<notknown> := <notsame><known> / <same> <notknown>
<definite> := <known> with certainty / definite
<notdetinite> := <notknown> witn certainty / <notsame> <definite>



<novAlfun>

<pronoun> <novalfun>

I I
it <notknown>

<notsa:re> <known>

. 
..s,

<sar,e> <notsame>
I

1 1
is not determined

Figure 3.

111.3.1.3 <hum1fun> functions.

<.,.um1fun> stands for functions expecting one numeric value.

Lxample: (LESSP* (1/11,1 CNTXT CSFC6LLCOUNT) 10 ) --> The white
blood count from the cerebro spinal fluid is less than 10."

<Num1fun> := <reaterp1>/<7reateqs>/<lessp*>/<lesseq*>
<greaterp*> := <same> greater than / >
<greateqm> := <areaterp*> or equal to / <greaterpl> =
<lesspo> := <same> less than / <
<lesseq*> := <lesspg> or equal to / <lessp*> =

<same>

Is

<i,umlfun>

<greatecri>

<greaterok> or ec;I:al to

:reater than

Figure 4.

111.3.1.4 <iAlm2fun> function.

Calm2fun> stands for functions expecting two numeric values.
Actually, there is only one function called <between*> in this category.

:7,xample: (bET6EEiin (VALI ChTXT AGE) 0.25 0.50)) --> "The ar-re
of the patient is between 3 and 6 months."

<i.um2fun> := <Letween*>
<sa:ae><between>
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111.3.2 o.ouification of tne function by an operator.

An operator is a prefix or a statement which can Trenerate itself a
clause. It can reline or modify the first predicate function found. For
example:

It is definite tat the morpholo;*y of the or)7anism is coccus

<def> (SAME CETYT MORPH COCCUS)

Figure 5.

Thus, <def> applied to <same> 7ives <defis>, and finally, the clause
to build up is: (OEFIS MXT tiGiqqi COCCUS). Five new predicate
Functions can tnus be built:

<Uefis>
<defnot>
<notknown>
<tnoughtnct>
<mightbe>
<couldoe>

:=

:=

:=

!=

:=

:=

<aef> <same>
<def> <notsa,ne>
<notknown> <anyfunction>
there is evidence that <notsame>
tnere is no evidence that <notsame>
there 13 no evidence that <same>

Mnice that in <known> <statement
will ue simply 17nored
(redundant).

Ex: It is known that the patient
equivalent to 'Tie patient is alcoholic."

with function>, <known>
because it does not add any information

111.4 GErERAL GRAMAR.

111.4.1 Grammar as procedures.

is alcoholic" is absolutely

'me grammar nas been encoded as IrTERLISP procedures, as opposed to,
say a H.F-like form. Th13 allows a better efficiency (see footnote) due
to the possibility to compile it. Such a cnoice naturally leads to
blend (but not necessarily) several types of knowledme, semantic and
structural for instance, by looking at a rule like:

<14)11> ::: <object> <faculfun> <ynparm>,
one mi.;nt think that "The culture is febrile" will be accepted.

iote: ihe average time for parsini:, innuts is 1.5 second on the Stanford
FoP-10 time-sharin7, system, mediunly loaded and with the dictionary on a
hasn-file.
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ketually, an implicit check for coherence between the object and the

parameter is performed inside the rule, thus allowing the system to

refuse such a statement. Coherence between parameter and value can also

Pe checked, tnus allowing t? ysten to accept "The infection is

cystitis", but to reject "The morpnology is cystitis".

If one encodes a grammar as procedures, the "tirhtness" of the rule
can be specified dynamically tnat is, the ability to ignore some words

at specific points during parsing. The "loose" form of the above rule

can be described as:
<R011>' := <object> <faculfun> [skip] <ynparm>.

The role of tne SKIP procedure is to permit words like "nigh" or "bad"
to oe skipped ("The patient has a high fever") because such nuances are

not currently handled by tne system. The procedure for ignoring

words is explainea in more detail in IV.1.

On the other hanu, having the rrammar as a data structure

interpreted by a program allows:

oasier modifications since it is more convenient to add a piece of
data than a piece of coue.

There is no dist:rsion oetween the ENE used to disclay the grammar

and its actual procedural implementation, although the LISP encoding, as
shca.n in the appendix is fairly straightforward.

111.4.2 Taxonwny of qran.nar rules.

In terms of the actions that are trigrered when a rule is
successful, grammar rules can be divided into two subsets. Generation
rules are useu to build up internal clauses. Conjunction rules are used
to reouild a piece of tne sentence to be analyzed after resolving
anaphoric references. At the moment, this includes pronoun references

and elliptic resolutions such as when the verb has not been repeated.

In terms of generality/specificity, certain rules are general in

that they are not associated with a particular type of information; in
addition, they never include a surface word in their expansion part.

Otner rules are specific in tnat they are associated with a particular
piece of information; also, they often include surface words in their
expansion part.

A taule specifies what actions have to be carried out whenever a

rule is successful. For any generation rule, it consists of one or

several templates to be filled in. For conjunction rules, it consists
or reDuildin the input to 7ive it to parse to the wrammar.
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t.urtnerore, a rule can lead to different actions being undertaken
depenuing on wnetner it is parsed as a premise or as an action. Tnis
oistinction disap2ears if tne text to be parsed is not a conventional
14c1n rule. iinen analy‘ini.! text, all sentences are treated as premises.
Conversely, several rules can lead to the same action. For instance:

<1020> <multparmcntxt> <faculfun> <value>
with: <multparmcntxt> := <multparn> of <object>
whicn allows parsing of: "The identity of the oriT.anism in e.coli.", and

<H031> <object> <faculfun> <value>
whicn allows parsing of: "The organism is an e.coli."
lead to the same clause, as they evidently correspond to two surface
structures for the same meaning.

111.4.3 General axammar.

rine parsing process is top-down and left-to-rig,ht. The usual problem
of left recursion for left-to-right parsings is handled by creating an
intermediate symool when necessary, and by duplicating the corresponding
rule. tasically, a successful rule extracts the matchin7 part of the
sentence and returns tne rest, if any, in case the sentence would lead
to several clauses.

111.4.3.1 General c;eneration rules.

Example 1: Tne morpnolont of the orf:anism is not known.
Let us consider tne rule: <11011> <multparmentxt><novalfun>

witn: Cnultparmentxt> <multparm>of<ooject> / <object><multparm>

<F910>

<multparmcntxt>

Cnultparm> of <object>

morph

orrranism
morphology

fi ...;re Ô.

<ncvalfun>

<notknown>

<notsame>

<same> <notsame>

1 

1

is not

<known>

known
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The internal clause ouilt up after the success of this rule

is: (NOTKNOWN . CbTXT WHPE). Top-clown and bottom-up arrows
respectively snow the role of each process. Actullly, the

preprocessed sentence was: "morph of or;anism (notknown>", having
ignored articles, replaced °morphology" by "morph" (INCONCEPT

pointer), and "is not known" Dy the predicate function <notknown>.

Notice tnat the same rule would also be successful on the following

sentences:

The growth conformation is known with certainty.
The infection site is definite.

The aerobicity of the organism is known.

Example 2: The patient has a high fever.

Let us consider the rule:

<N011> := <object> <faculfun> [skip] <ynparm>

Ine tight rule will fail ("nig,h" causinT the failure), and if no other

rule has been successful, <R311> will succeed in the second pass

(loose for.) as shown in Figure 7.

0011>

<ooject> <faculfun> (skip) <ynparm>

patient <same> hii7n febrile

1 1
has fever

eigure 7.

An interesting point may be discussed here. There is no absolute

criterion for deciding whether a word may be skipped or not. If

"high" were ignored in the first pass, it might prevent the success

of anotner rule in which "high" is a necessary element. The section

devoted to the control structure explains in more detail the two-pass

process presently used.

Let us notice that <1011> also allows the system to parse:

The patient is not a compromised host.

The organism was able to grow anaerobically.

Example 3: A lumbar puncture nas been performed on the patient.
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<1012>

<ynpar,7.> <l'aculfun> Is-kip)

I . 1
lp <sa:e> perform

1lumbar-puncture <same> <same> performed

X I 1
lux:bar puncture nas been

Figure 8.

<object>

patient

on

I;ote that places in sentences wnere "skips" are allowed are usually
where nany expressions could oe used. For instance, in Example 3, after
"has been", many different expressions might be used. This feature
makes it unnecessary to foresee all of the possible phrasings, e.g.,
"done on", "undertaken on, etc. Tnis is evidently a step toward a
key-word approach, but only no-content words (in a medical sense) can be
skipped. Tnis minimizes risks of misinterpretation. Also, a rephrased
statement sucn as "Tne patient has received a lumbar puncture" would be
parsed by tne previous rule <R011>.

Cxample 4: The ilorpnoloay, aerobicity and rowtn conformation
of the oNanism are known. Several properties

are stated and tnis should lead to a split of the sentence into several
internal clauses. Let us consider the rule <1015> := <multparml+cntxt>
<novalfun>. Tne recognition will De performed as shown in Figure 9.
This leacs to the following 3 clauses:

(AND (hai& CHTXT LOKPH)
(Eift,N AIR MORPE)
MLA;N CNTXT CONFCR::1))

<ii015> would also be successful cn: ''the age, sex and weight of
the patient are definite".
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<0 15>

<multparm1+cntxt> <novalfun>

<known><ltparm1+> of <object>

/1 ..--.-------

1

<multparm> ....<oultparm> <same> <known>

I1 
1 

1

morph I con orm organism are known

I 

air
:3r wth conformation

morpnology
aerobicity

Figure 9.

Example 5: The site of the culture is one of: nose ear throat.
Such a sentence is parsed by the rule R018 as shown in figure 10.
<homoval1+> stands for more than one homogeneous (corresponding to the
same parameter) value. In this case, the internal clause generated is a
variant of the standard template and is actually:

(SAME ChTXT SITE (0:.60t NOSE EAR THROAT)). The following
sentence is parsed similarly: The infection requiring therapy is
among: cystitis pyelonephritis."

<R0 1o>

Clultparmcntxt> <faculfun> <anon> <homoval1+>

/ I -,. 1 VI / /
<multparo> of <object> <sac:.e> one of <isval>   <isval>

site culture is le ear throat
1 

I

Figure 10.

Example 6: The organism is rod anaerobic and grampos. Such a
sentence is processed by tne rule R025 as shown in Figure 11 in which
<neterovall+> stands for more than one heterogeneous (different
parameters) value. "The patient is a male caucasian" is parsed
similarly.
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(PC25>

1
<object> <facutfun> <heteroval1+>

1 1 /
organism <sa:ae> <isval>  <isval>

I 1 I I
is rod anaerobic grampos

Figure 11.

Example 7: The organism is a pseudomonas aeruginosa.
Tnis sentence is parsed by tne rule H031 as shown in figure 12.

Let us note here that the nare of an organism is indicated in the
sentence not only tnrough tne explicit mention of "identity". When
no parameter is mentioned in the sentence but a value that could
belcrn.: to "identity" as well as to other parameters is present, an
inference process is invoked which decides that "identity" is the
probable parameter. Similarly, in "the patient is <number>", the
para!:eter is assured to be "a7e" (comon sense inference).

<011>

I
<ooject> <faculfun>

orAnism <same>

is

ki7ure 12.

<value>

pseucomonas-aeru.ginosa

Such a rule deduces the parameter from an ambiguous value. The
parameter is then included explicitly in the restatement of the
sentence, in order to verify the user's agreement. For instance here,
tne aoove sentence will be rephrased "the identity of the organism is
pseuda.7.ohas aeruginosa". The same rule would also be successful with: "A
culture was taken from blood" on the loose form after skipping "taken
from", as well as "tne patient is male", or "the drug is penicillin".

Example a: Ihe white blood count from the cerebro spinal fluid
is inferior to 10.
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here, toe preprocessing phase performs a lot of work in order to
facilitate the grammar's task. The preprocessor mainly recognizes groups
of words tnat make sense to.wther and substitutes a single abbreviation
for tne group of t..ords.

NeC <-- white blooa count
CS i' <-- cerebra spinal fluba .

Tnen, the rule <N055> := <numparmentxt> <num1fun> <isnum> is successful
as snown in the Figure 13.

<numparmcntxt>

1 1
<numparm> <lesspa>

1

csfcellcount <zame> <lesspl> 10

N 1 i
V= from csf is inferior to

<W55>

<num1fun> <isnum>

figure 13.

Tne same rule can be used for:
The age of the patient is less than 1 months.
The csf protein is less than 40
ine patient's creatinine clearance is greater than 'JO

111.4.3.2. Conjunction rules.
Example 1: Tne patient is jaundiced and is not a compromised

nost. Toe beginning of the sentence is easy to
parse anc gives toe internal clause (SkiE, C6TXT JAW;DICEC). The role of
a conjunction rule is to recognize that the subject is missing and to
triz?,.er the search for it. be action invoked will then be to find the
subject by a very straightforward method (last clause analyzed) thus
leaaing to add FATIENT onto the remaining part of the sentence. It will
then return "the patient is not a compromised host" as the remaining
sentence to be analyzed. The referent chosen is the object of the last
clause generated. It relies on the assumption that, when several
properties are stated in the same input, they probably refer to the same
object.

Inc first conjunction rule is described below:
<R035> := [<pronoun>] <faculfun> <isval> /

(<pronoun>] <faculfun> <ynparm> /
L<Pronoun>j <numlfun> <isnum> /
(<pronoun>] <faculfun> <isnum> /
1<Pronoun>1 <num2fun> <isnum> <isnum>
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This rule also recoenizes:
"and it is 9Tamneg" (expansion 1)
"and has neurologic siens" (expansion ?)
"and is less than 11.) years old" (expansion 3)
'is 5b" (expansion 4)
is between 7 and 77 yeara-old" (expansion 5)

iotice nere that tne diversity of the forms to reco7xlize for similar
structures is merely due to arbitrary decisions about the representation
of knowledge, imprecision in the formalism analogous to he one occuring
in the ,T.eaning of links in semantic networks (,00ds 1975). Fur example,
"the patient has fever" is represented oy a binary parameter FEBRILE,
out mi:nt as well be represented by a multiple parameter SYMPTOM 'which
woulu have eEbh1LE as a possible value. A second conjunction rule
reconizes incomplete structures of sentences similar to the previous
one except that the function is also missing. Vhen the rule is
successtul, it will tnen trier the execution of a routine whose
purpose is to retrieve the subject and the vero (or predicate function).
This rule can be descrioea as:

0006> :r <isval> / <ynparm> / <isnum>.

111.5. Specific grammar.

Specific grammar rules are used to recognize parameters which can be
described only by fairly complex sentences. These rules usually have a
loose form, which avoids foreseein7 all possible phrasins. The risks of
a strictly i:ey-word approach (as outlined in the discussion ending the
section Il) are decreased oy tne presence of common sentence structures
associated with parameters of tnis type in addition to indispensable
key-words.

exa:nple 1: The concept of "symptom" is of primary importance for
estaolisning a medical diagnosis. Consequently, it is semantically very
rich. :.)ome symptoms are referred to by oinary parameters as MUMPSYN,
indicatih!.; weletner "the patient nas shown symptoms of mumps", or VAGDIS,
indicating whether "tne patient nas increasing vaginal discharge".
Otners are represented by a multiple parameter termed SYMPTOMOF as in
"tne patient as symptoms of dysuria" in wnich case DISURIA is a le7,al
value for SnerkX.0i. The following rules express the semantics of
"symptom".

<symptomof> := patient <faculfun> symptom of <uria>
<uria> <faculfun> <among> symptom of patient

<uria> := dysuria / frequency / hesitancy / suprapubic-
discomfort / urgency...

<ynsymptom> := patient <faculfun> symptom <otheruti>
<otheruti> := of mumps / of increasing vaginal discharge /

[skip) lower urinary tract
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Let us note that the u(skipj" apoearin in the last line allows
accepting various pnrasin7s as:

Tne patient nas sympto;-Is referable to
concerninz, the
associated with
located in Lie lower urinary tract.

txample 2: NOSOLui-i1AL is 3 very important parameter which can
nave a colplex description. Two rules enable its reco.7nition, as
shown in Figure 14.

patient

<NUSOC-1>
,/.

<faculfun> <sicipuntil
' ntection>

<nctsaie>

7\

<skipuntil

'nospital>

<sa7,e> <notsame> acquire tne infection

dic! not

<NOSOC-2>

infection <faculfun>

<notsame>

<sae> <notsane>

1 1
was not

C. 1,7,ure 14.

wnile in hospital

<skipuvil 'nospital>

/

accuired in tne hospital

t.xanple 3: A91:e is another important concept taken into
consideration in many rules (for the dose of a druz for instance) and
it is rarely stated explicitly in most sentences that use the concept.
me followins rule is used to recovaze it:
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p:Atient <nul1fun>

<lesspw> 2

is less 'thin

figure 15.

IV. IieLr.i.-,JTATIOti.

(<timunit>)

week

'inin chapter rives details on the current implementation. It
descrioes the control structure anl certain strategies
(tiF:nthess/looseness for example), how the semantic categories are
assined during, tne analysis and finally displays an interactive session
of acquisition of rules.

IV.1 Control structure.

• dEpth-first control structure has been chosen because the first
parse usually leads to tne only interpretation nossible, which is
pri:arily due to tne precision of the statenents in the medical field.

I specific rule is alyays associated with a key-word which can be
the possiUle parameter itself or an incispensable word such as
"hospital" for <nosocomial>. Consequently, once the ri7ht key-word has
been encountered, cnances of success for a specific rule are higher than
for a :eneral rule (all arc tried in sequence without preference).

Let us notice that, if the beginning of a sentence cannot be mapped
into an internal representation, no further attempt is made to analyze
tne rest of tne sentence (except after an "anO" which usually introduces
anotner property). Analyzing any part of a sentence after a piece which
was not understood mint lead to misinterpretations as shown in the
following example: "tne sister of the patient is febrile" would indeed
be interpreted as "tne patient is febrile" if "the sister" has not been
understood, unless a fra7mentation technique similar to 'rdlks' is used
to attempt the templates with the different pieces.

ome of the , eneral rules contain a flag which allows them to be
"sloppy" i.e., to i7nore a word ana proceed with the analysis. Such
rules are always tried in tne tic7nt form first. If the rule fails but
was sartially successful, it will be tried a7ain in the loose form in
the secona pass. if no rules successed durinr• the first pass. The
additional set of rules to be tried in loose form will thus be very
small.
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Example: Suppose the word hooese" is not known to the system,
ana tne sentence to be parsed is "The patient is an obese male ". After
the failure of the tight rule, the loose version will skip "obese" and
succeed, but the expert will be notified that "obese" was not
understood. he will then be able to teach the proexam about this new
concept and will add a premise "tee patient is obese" to complete the
meanin.; of the partially-understood previous statement.

oo far, tnere is no mechanism to handle possibilities of multiple
interpretations of an input strin;. Disambi7uations are made during the
preprocessins pnase, for example, "csf" (cerebra spinal fluid) might be
a possiDle value of the site of a culture out, if associated with white
oloou count as in "the white blood count from the csf", it actually
refers to the parameter "csfcellcount" and is recoenized as such before
the grammar is evoked. As a consequence, the parsine is very
deterministic and no back-up mechanism has been implemented yet. This
miget De a weakness as the extension of the grammar proceeds.

ine above mechanism to Duild up a clause is mostly a loop on the set
of rules to try. An action is carried out whenever a success occurs. An
important feature is that tne list cf rules to try is set during the
preprocessing phase, specific rules being appended at the head of the
list wnenever a trizgering word is encountered. The analysis process is
stopped when the remaining sentence is MIL (success) or when 3 whole
iteration of loose rules has been performed without any success.

A. shortcoming of the current iplementation is that the same task
may be performed several times. The mer7ing of common parts of different
rules as used in transition networks implementations would certainly
permit a more compact representation and a better efficiency.

IV.2. Example of parsing.

Let us consider "The morphology of the organism is rod". The
preprocessed sentence is: "norpn of organism <same> rod". how the
appropriate variables are set during tne processing of the sentence is
Shown Delow with the successful rule:

<e020> <multparmcntxt> <faculfun> <isval>
W0e0 is the word c-rrently being analyzed.
how tee variables PAnA, 1Y -P, T1PE-01=,J, VALIUM are set as the
analysis proceeds is snown oelow on tne top-down parse tree.

<-- morpn

<multparmcntxt>
<multparm>

<isparm> PARA1; <-- morph

TYPE-P <-- prop-ore
Returns True.

Cnecks that FAeAN expects a value
eeturns True.
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Si

PsUii <-- of
<surf 'ot) matcnes the richt surface ',ford.

Returns True.
WC.) <-- orf7anism

<ooject> sets: TiPE-0E- J <-- prop-or-7-
EJA <-- organism
Returns True.

.uwo <-- <sa.Le>
<faculfun>

Sets F14, <-- <same>
heturns 7rue

Will) (—roc:
<isval>

Sets VALIUM <-- rod
eiVALIUM <-- morph (parameter expected froT. value.)

<chec1(1> PARAM subset of PiVALMe.: True
<cnec1.2> TYPE-JEJ = TYeE-P : True

WeRu <-- lL
ficturns 1rue.

The variables PfrAil, fUG and V.L.LIUt are bound to values that allow
building the appropriate internal renresentation.

IV.. Sample of a rule acquisition session.

In tne examples that follou, the Et0EAP procTam utterances are in
lower case letters and it shows its internal lisp inter- nretations in
upper case letters The user enters tne rules in upper case letters after
the aouble asterisk; every time he has finished with a set of premises
or actions, he types a "carria!,e-return" which explains the lines of
blanks. Comments have teen inserted by nand in order to point out a few
features of the parsin!. tobte that in all the examples shown below, the
interpretation is correct. What can be done if the expert disagrees is
part of future airections. rote that the kind of inputs that are not
currently hanuled deals with complicated inputs expressing
meta-knowledc,e (how to use medical knowledge) rather than pure medical
knowledge. Examples are:

(1) You nave examined the list of members associated with the
category of the organism and found some that agree with respect to the
following symptoms: air and conform.

(2) inis drus is one of the treatments which have contributed to
an improvement in the patient's symptoms of the infection.

Anotner kind of non-understood statement includes "non medical ways"
of expressirw: oneself that would require a lot of knowledv:e about world
in r.eneral like:

(3) She drinks 4 bottles of Mouthon-Rothschild every mornincr,
to express tna1 'toe patient is alcoholic".
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EXAMPLE I.

oul...1 you like to enter a rule?

If: 1 - ThE CRtATININE CLEARACCE 13 <r. 30
an,.; 2 -

men: 1 - CONCLUDE THAT TE:: PATIENT HAS DECREASED REAL LtiNCTIGN
and 2 -

the internal format of the rule is :

LISPRULE

PHEnISE: GAND (LESStC* (VALI CNIXT ca)
83))

ACTION: (CONCLUDE CNTX1 REtALFAILURE YES TALLY 1033)

This is my understandinF of your rule:

If: Tae patient's most recent creatinine clearance (in ml/min) is less
than or equal to 00

Then: It is definite (1.0) that the patient does have decreased renal
function

Comments: In the premise, the object PATIENT was not stated, hut was
inferred from the parameter. Ps no certainty factor was stated,
it was supposed to be 1.

do you agree with my interpretation?
m* YLI:S
good.

EXAMPLE II.
,ould you like to enter a rule?
*" YLS
If: 1 - ThE CULTURE SITE IS CSF

and 2 - THE PATIENT HAS NOT HAD RECENT NEUROLOGIC SYMPT3MS
and 3 - HE HAS NOT HAD RECENT NEUROLOGIC SIGNS
acid 4 - Th t 6hITE ELOOD COUNT FROM THE SPINAL FLUID IS < 10
and 5 - THE CSF PROTEIN IS LESS THAN 40
and 6 -

Then: 1 - IT IS LIKELY (.8) THAT THE ItiFECTIOii riccuiei THERAPY IS NOT MENINGITIS
anu 2 -

tne internal for;lat of the rule is :
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(.;;At-i) (sM;E CNT).T SITE CSF)
(iASAME CF,TXT i,EUkOSYMP)
(NUTSAf,E C. 0EUAOSION)
(LESS? (VtLi Ci;TXT CSFCELLCOIMT)

10)
(LESSOR (VALI ChTYT PhOTEIN)

40))
((ONCLuDE CNTXT ThEATII:r TtLLY -30.))

This is :ny uhderstandinz. of your rule:

lf: 1) The site of tne rlulture is csf, and
2) The patient has not had recent neurologic symptcyns, and
3) The patient nas not had recent neurologic sirms, an
4) The ;.ti, froT tne CSF is less than 10, and
5) me Cr protein is less than 40

Tnen: There is strongly sug7estive evidence (.8) that the infection which
requires therapy is not n,eninr;itis

ao you a,;ree witn ly interpretation?
"
7ood.

IS: Tne pronoun resolution ;rocenure replaced "he" by
'patient'.

OA!IPLE III.

Louie you like to enter a rule?
" YES
If: 1 - Th E CULTUhc SITE. IS hOT LLCM

and 2 - LE UON'T EN0i. LiitTPEh Thi OhGAhlSM WAS AELE TO GROW AER0b1CALLY
ana 1 - IPE LAFOkATORY 010 NOT ATTEMPT TO CRC TF E ORGAWISM

ANAERCEICALLY
aria 4 -

Inen: 1 - IhE AEF..0f,ICITY Or THF. 0:iGANISM COULD LE FLCUL (.5) ANAEROBIC (.2)
CR ULIGATE-AEiiOL: (.3)

anu -
the internal For.nat of tne rule is :

FriLrlSc: (NuTSV:! SITE ELOOD)
(NOTM C:' TXT AIFOROW)
CrioTSVS C:!TXT

ACTIO-: (CONCLLia CETXT AIR ULLA ((FACUL 500)
(AWA:-.ROIC 200)
(UL1(ATE-AEROF 300)))
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Ittis is my understanding of your rule:

If: 1) 'ine site of tne culture is not blood, and
2) It is not known wnether the organism was able to grow aerobically,

and

3) The lab has not attempted to grow the organisra anaerobically
Then: There is evidence that the aerobicity of the organism is facul (.5)

anaerobic (.2) oolisate-aerob (.3)

do you agree with my interpretion?
" YES
good.

tiA4Lt IV.

kould you like to enter a rule?
" Yt6
If: 1 - Thr. INFECTION i4PICE REQUIRES TEERAPY IS PERITONITIS OR

PELVIC-AESCESS
and 2 - TEE SITE OF ThiC CULTURE IS LLOOD
and 3 - ThE PORTAL OE ENTRY IS GI
and 4 _

Tnen: 1 - THE ORGANISMS I4i,ICE IGET PE CAUSING TEE INFECTION COULD PE
LACTEROIDES (.7) t'_-COLI (.53) K1.5SIELLA-MEUt.:ONIAE (.18)
PROTEUS (.17) Et:TLAGfACTER (.11)

and 2 -

the internal for:rat or the rule is :

LISFnULE

PREAISt: (*ni.0 (SZ C1xf InLAIINF (MEW. PtRITONITIS PLVIL-APSCESS))
(SAE CNIXT SITt LLOOD)
(SAME CNTY.f POnlAL GI))

ACTION: (CONCLuvE* CNTXT COVERFUh TALLY ((EACTEROIDES 700)
(E.COLI 530)
(KLEBSIELLA-PftWiOuIAt 130)
(PhOTLUS 170)
(eNITEROEnCTER 110)))

This is my understanaing of your rule:

If: 1) The infection which requires therapy is one of: neritonitis pelvic-
abscess, and

2) The site of the culture is blood, and
3) Tne portal of entry of the oNanism is gi

Then: There is evidence that the or7anisms (other than those seen on
ciltures or smears) which light be causing the infection is
bacteroides (.7) e.coli (.53) kiebsiella-oneumoniae (.15) proteus
(.17) enterobacter (.11)
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do you alTee with .ny interpretation?

7ood.

Exm.,eu: V.

oulo you lixe to enter a rule?
" IES
If: 1 - TNE INtECTION fiEQUIRING ThERAPY IS NOT MENINGITIS

and 2 - UhGAN1Z,1S WENE NOT SEEN Oh THE STAIN Of THE CULTURE
and 3 - ThEhE IS NO LVIUENCE ThAT THE TYPE OF THE INFECTION IS NOT TB
ano 4 - Th L CHYPTOCOCCAL ANTIGEN IN THE CSF WAS POSITIVE OR

Th E CSF CUCCIIAOIDLS SEROLOGY LAS POSITIVE
an 5 -

Inen: 1 - ThE TYrE OF ThE INFECTION IS PROEALLY NOT TB (.6)
anu 2 -

me internal format of tne rule is:

L1SPhULE

(AHD knOTSA';E ChTXT TR/TRF
(FUTSA:.1 (-NUT SPECSTAIh)
(MIGHTBE CNTXT TYPE TE)
(!Oh(SAVE CnTYT CHYPTU-SEhOLOGY)

(SA::. CtTYT CiCCI-SEHOLOGY)))
ALTION: (CONCLUDE CNTXT TYPE Ti. TALLY -603)

This is -4 understanding of your rule:

It: 1) The infection whicn requires therapy is not meningitis, and
2) Organisms were not seen on the stain of the culture, and
3) There is no evidence that the type of the infection is not tb, and
4) The cryptococcal antigen in the csf was positive, or

The csf coccidioides serology was positive
Dien: Thcre is strongly suzzestive evidence (.8) that the type of the

infection is not tb

do you agree witn fly interpretation?
aw YES
R000.

Would you like to enter a rule?

Ok; rood bye.
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COv!CLUSI Zi .

This paper nas described a technique to translate English inputs

expressea by an expert of a specialized domain into underlying.

structures used by a knowledge-based system. The trade-off between

freedom of expression and reliability in the interpretation lead us to

use a 14ethod that selectively ignore certain phrases which might not be

crucial for the translation. however, this method may cause ambiguities

in interpretation, hence we emphasize the importance of the expert's

agreement with an interpretation. The current grammar produces adequate

parses on about 90i, of the statements contained in MYCI rules. On a

sample of 200 sentences chosen from current MYCIN rules and various

repnrasini;s obtained from pAysicians, 55, were parsed by tne general

domain independent grammar, 35;, by 3 grammar specific to the infection

diseases domain and 10% were failea to be parsed, due to paraphrasings

tnat woula require a tremendous amount of knowledge outside the medical

field. ilarsin;,- these sentences with this semantic =,:rammar is fairly

fast (between 1 and 2 seconds). The level of understanding currently

provided seems to be sufficient for the acquisition of new rules.

I see future improvements and extensions of this work in the

followinEr imajor directions. First, tne c.ra,Imar must be enlarged in

order to make the system more °nabitable" that is to enable the expert

to remain within the limits of the language accepted without his being.

conscious of these limits.

Second, the technique descrioed here, along with strategies for

interpreting aialogs ana texts should be suitable for building a general

purpose interface for use by different tasks within a knowledge-based

system such as question-answering,, volunteered data via summaries

describing clinical nistory and current status of patients.
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APPLLadi : A sample of grammar rules.
kiu.:wered rules are 7,eneral, rules mentioninc; a concept between

bracKets are specific rules. Proceaures having a mnemotechnic name
such as INPAHMCNTXT, which stands for yes-no-parameter-context, are
primitives allowin.A the recoFniticn of non-terminal elements of the
grammar rules. Eost of the rules shown here have been already
explaineu in section 111.4. The code is clearly very close to the
Ebi for used before. Si( denotes the fla7 used for "tightness",
always nil at the first pass, set to TRUE at the second if any.

(R013
ILAtinA (SK) "COMENT"

(EULIPAReICNTXT)
(SKIP SO

(WVALiUN))

(h011
[LAAUA (SK) 11COti6EN1"

(A1.0 (CONTE).T)
(iACULF(.N)
(SKI? SK)
(YhPAAN)
(ChECK2 TYPE-01'.J TYPE-P)
(SaQ LASTCLAUSE (LLIFP REST CUR))

(w saved for further pronoun resolution)

(020
[LAcIDA

(Aid) (hULTPAM-iCt.TXT)
(eACULFUO
(Ci.ECK1 PAIIPM (ISVAL))
(ChLCK2 TYFE-P TYPE-OFJ))
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V1L " yes/no symptoms of uti A*
(b (SURF 'PATIENT)

(FACULI.Ul)
(SW iPTON)
(COW:
((SUL-L, '(OF iludes))
(SETCO PAhAM (i.:UMPSYN)))

((AND
(SKIAJOHO
(SKIPORD
(SKIPhOid)
(SUM. 'VAGINAL-DISChARGE))

(Sr.TGA; PAACI (VAGDIS)))
((AM: (6:aPUNTIL 'LO6ER)

(6L.TO.: Rttta (LaER-UTI-SX))

Ihe previous rule enaoles the reco7nition cf sentences as shown below:

of mumps
nas of [newhor]increasing]

Line) patient nas no symptclis) vaginal discharge
does not have referable to the

concerninz, the lower urinary
of the tract

(YNPAhi..C147-AT
[i.A.11.1);-. %IL 'a True if .natches <ynparm> of <context> or

(CU:) <context> <ynparm> "
((1?PAhil)

(SUI4 'OF)

(OC;..TEXT)
T)

((C0,4TEXT)
(CUNT.)

((UPAfiri)



40

REFERE:ICES

J.Erown, H.Lurton: Multiple representations of knowledge for tutorial
reasoning. In D.Eobrow and A.Collins (Eds.), Representation and
understanding, Academic press, New York, 1975.

d.Lurton: Semantic grammar, an engineering technique for constructinq

natural language understanding systems, F1-.t! report n) 3453, decemper
1976.

H. Eurton, v. i.00ds : A compiling system for augmented transition
networks, Proc. of Conference on Computational Linguistics, Cttawa
1976.

L.Charniak: Toward a model of children's story carprehension, A.I
Artificial intelliicence laboratory, Carc.brida.e, i.as, 1972.

E.Codd: Seven steps to Rendezvous with the casual user, Proc. IEIP TC-2
korKing conference on data base mana!:ement systems, Cargese,
Corsica, April 1-5, 1974.

..Coda, h.Arnold, Jh.Cadiou, C.Chang, h.Roussopoulos: Hendezvou3
version 1, An experimental English-languaFe cuery formulation system
for casual users of relational data bases, ah research laboratory,
San Jose California, January 197.

..Colby, R.Parkinson, F.aurht : Pattern-matching rules for the
reconition of natural langua7e dialo7ue expressions. A.I memo 234,

Stanford atificial intelligence project, 1974.

R.Davis: Applications of meta-level knowledge to the construction,

maintenance and use of large knowledge bases, Stanford Artificial
Intelli7,ence Laboratory, Memo AI -283, July 1c76.

J.Earley: An efficient context-free parsing ale.:orithm. Cml. of the

13 (1970).

C.hendrix: The Lifer manual, A guide to building practical natural
lan;uage interfaces. Technical note 138, Artificial intelligence
center, Stanford research institute, Nenlo park, California 1976.

R.Kaplan : A r!eneral syntactic processor, in Natural Language
processing Ea. Randall dustin, hew York, Algorithmics press, 1973.

L.Sacerdoti: Lan7uage access to distributed data with error recovery,
?roc. of 5tn 1JCAI, Cambridge, 'ass, August 1977.

h.:ichaniz: Identification of conceptualizations underlying natural
lanzuage, in Scnank and Colby (Eds.) Computer models of thought and
lanz,uage, San Francisco, Freeman & Co. 1971—



41

C.Scott, lo.Clancey, R.Davis, E.Shortliffe : Knowledge-based
consultation systems grouus, Stanford heuristic programming project
memo hPP-77-1, Vebruary 1977.

6.Shortliffe: Mycin, a rule-uased computer program for advising
artificial intelligence laboratory, Memo AIM-251, october 1974.

L.Shortliffe : Computer-based nedical consultations : MYCIV,
Artificial intelligence serie nO 2, ,ilsevier computer science
liurary, 1976.

V;.Teitelman, Interlisp reference manual, Xerox Palo Alto research
center, Palo Alto, California 1975.

D.Waltz: Natural language access to a lar7e data base: an engineering
approaca, Proc. of the 4th 1JCAI, Tbilisi, USSR, 1975.

G000man: Lriting a natural language data base system, Proc.
of 5th IJCAi, Campridge, bass, PuP:ust 1977.

6.Watt: "Habitability", American documentation, vol.19 nO 3, July 196d.

Y.Lilks: An artificial intellirence approach to machine translation, in
h.S--ank and K.Colby (Eds.), Computer mouels of thought and
lacr;ua7e, San Francisco Freeman ‘t, Co, 1979.

i,.atural language uhderstanainm systems within tht A.I paradi7m
a survey and some comparisons, Stanford artificial intelligence
laboratory, hemo A111-237, decemper 1974.

T.Winozrad: Understanding natural 1angua7e. je.w York academic press
1972.

Five lectures on artificial intelligence, Stanford AI-
plemo-246, Stanford University, 1974.

14.1600ds: Transition network grammars for natural 1angua7e analysis, CAD!
vol.19, 10, october 1970.

woous, h.kaplan, Falasb-Viebber, The Lunar sciences Natural laRguage
system, final report, report nO 2376, Ler Inc. ,Cambridge, Mass 1972.

: ■,inat's in a link, in U.Pobrow and A.Collins (eds.),
representation anti uncerstandinF, Academic press, Eew York, 1975.



Copyright e 1985 by KSL and

Corntex Scientific Corporation



FILMED FROM BEST AVAILABLE COPY


